KIRKHAM, I. R., and R. D. MORRIS. 1979. Feeding ecology of ring-billed gull (Larus deluwarensis) chicks. Can. J. Zool. 57: 1086-1090. The feeding ecology of ring-billed gull chicks from hatching to fledging was studied on an insular colony near Presqu'ile Provincial Park, Ontario, during the summer of 1977. A principal objective was to determine changes in food type and frequency of feedings during chick development and among temporally spaced broods.
Introduction
breeding late in the season. Late breeding gulls are Ecological aspects of chick feeding in colonial often young and immature (L. delawarensis, seabirds has focussed primarily on adult foraging G. T. Haymes, unpublished data; Ryder 1975 , patterns, chick growth, and behaviour (e.g. Evans Ryder et al. 1977; L. nouaehollandiae, Mills 1973 L. nouaehollandiae, Mills ). 1975 Jarvis and Southern 1976; Lemmetyinen The relationship between breeding experience and 1972, 1973; Pearson 1968) . This paper presents in-time of breeding may therefore be an indication of formation on food type variations and feeding rates seasonal food availability. of chicks in a Lake Ontario ring-billed gull (Larus Our objectives were to investigate the variation delawarensis) colony. The gull colony (Gull Is-of food type in chick feedings and feeding visitation land), first established in 1953 (Ludwig 1968) , on a rates (number of feedings per two chick brood per 5.1-ha island in Presqu'ile Provincial Park near hour) throughout the prefledge period. Chick Brighton, Ontario, numbered approximately 23 707 growth rates were measured for broods initiated (f 4 652) nests in 1976 (Blokpoel 1977) . early and late in the season to determine differences The breeding season of many bird species corre-in growth rates among temporally spaced broods. lates closely with seasonal fluctuations in food abundance (Perrins 1970) . The timing of nesting Materials and Methods during the breeding season is an important factor in A total of 33 ring-billed gull broods were observed from a blind the reproductive success of a species as a relative situated 6 m from an enclosed study area. The area (approximately 35 m2) was fenced with chicken wire (0.6 m high, 2.5 cm decrease Or fluctuation in a
Over the mesh) to prevent the chicks from escaping and to keep alien season may have detrimental effects on individuals chicks out. Twenty-one blind watches were conducted, using 7 x 35 binoculars, from 26 May to 13 July 1977. When all-day 'Present address: Department of Psychology, Memorial Uni-watches are excluded (29 May, 26 June, and 9 July; mean = 13.6 versity, St. John's, Nfld,, Canada AlB 3x9. -'Individual chicks were counted more than on age group. = 18). All but two watches were within 1 h of sunrise with the remainder just prior to sunset. Meteorological data for each watch were obtained from the Trenton, Ontario, weather station located about 12 km east of Gull Island.
A feeding was defined as a completed regurgitation by the adult resulting in a chick being fed. Regurgitations which involved very small quantities of food were not considered as completed feedings. Food types occurring in feedings were easily identified and were categorized into three main types: fish, insects, and earthworms. Feedings were recorded continuously as they occurred during each of the observation periods. Chick regurgitations (n = 65, chicks 1-7 days old) collected from the colony site from 17 May to 26 May 1977 were used as a supplementary source of food type information. Chick growth was measured by weighing all chicks every other day with 100,300, and 500 gm Pesola scales.
Results
A total of 567 feedings were observed during the period 26 May to 13 July 1977. Although 39 nests were started within the study area, 6 clutches failed to hatch any chicks and an additional 9 nests were situated such that observations were not always possible due to the vegetation growth. Thus, the total number of feedings seen at the remaining 24 nests (n = 437) is used for analyses involving changes in food type or feeding visitation rate against chick age (Table 1, Fig. 1 ).
Variation in Food Type
The proportion of the three principal food types fed to chicks from all size broods (1 chick, n = 6; 2 chicks, n = 15; 3 chicks, n = 3) changed as the chicks developed (Fig. 1) . The frequency of each food type increased rapidly from day 1 and peaked at day 4 of chick development. The frequency of insect feedings declined sharply at 5 days while fish became the dominant food type thereafter. Similar trends are revealed when chicks are grouped into 5-day age blocks and the percentage of each food type per age group estimated from the observed feedings (Table 1) of regurgitations (n = 65) of each food type against chick age a peak in occurrence of total food types per chick was present at 4 days of age, with a decline thereafter to the 7th day of chick development. Insects were the dominant food type up to day 5.
Food type variation over the season from 26 May to 13 July 1977 is expressed as the percent frequency for each food type per hour of each observation period (Fig. 2) . All brood sizes are pooled and the analysis is independent of chick age. Insects were the dominant food type in late May which was the peak hatching period for a larger subset of the Gull Island colony (Chardine 1978) . Earthworms were unrelated to season as they appeared sporadically throughout May and June. Fish feedings were seen at every watch, increased in frequency as insect feedings decreased, and became the sole food type during July (Fig. 2) . The low proportion of fish in chick diets during the peak Can. J. Zool. Downloaded from www.nrcresearchpress.com by Brock University on 10/05/11
For personal use only. hatching period probably reflects chick size rather than relative fish abundance.
Finally, the sole food type related to general weather patterns was earthworms. Earthworms were observed in 8 of the 14 watches between 29 May and 28 June. A Fisher exact probability test (Siege1 1956) was used to test earthworm occurrence against preceding periods of rain or relative humidity (> 85%). Earthworm feedings occurred on 7 of 8 days when these conditions prevailed during the night preceding the watch, and on only 1 of the remaining 6 watches when they did not ( p = 0.016).
Feeding Visitation Rate
Two peaks of feeding activity were identified during the three all-day watches, the first for about 2 h shortly after sunrise, and the second for an approximate 2-h period just prior to sunset. The feeding visitation rate (fur) during these periods is defined as the number of feedings observed per two-chick brood per hour.
The fur is analyzed against chick age (1-29 days) using bivariant linear regression (Fig. 3) . For this analysis we used two-chick broods only and included those three-chick broods which lost a single chick younger than 5 days of age. Clutches which hatched during the period 26 to 31 May are 'early' broods (n = 7), and those which hatched between 9 June and 18 June are 'late' broods (n = 6). This segregation of the temporally spaced broods was based on the hatching distribution within the study area, and excluded 2 of the 15 two-chick broods from the analysis. ceived fewer but larger food items as they aged (Fig. 1) and that fish feedings predominated late in the breeding season (Fig. 2) support the declining fur with brood development (Fig. 3) . Thus, the relationship between chick size and food type fed is numerous small food items to young chicks and fewer but larger food items to older chicks.
Chick Growth
Chick growth rate was analyzed for two-chick broods between the ages of 5 to 22 days, the linear portion of the growth curve. Differences in the growth of chicks from early (n = 7) and late (n = 6) broods were tested using linear regression and Ftest analyses. Growth weights for each chick were standardized by dividing them by the mean hatching weight for each brood. This reduced the variability in the weight points and allowed the often variable hatching weights to be considered. The variances were homogenous ( F = 1.38, p > 0.05) and neither the elevations nor slopes of the two lines were significantly different ( F = 1.13, p > 0.05; F = 1.62, p > 0.05). This strongly suggests that chick growth late in the season was similar to that of early chicks. The mean fledgling age for the early two-chick broods was 37.1 f 2.47 days (n = 11 chicks) while for late two-chick broods it was 36.2 k 2.28 days (n = 5). The mean fledgling age for all chicks, regardless of brood size, was 36.4 f 2.36
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For personal use only. days (n = 28). These samples include only those chicks whose actual age at fledging was known. Discussion Two peaks in diurnal feeding visitation rates were observed. During the second peakjust prior to sunset, large flocks of adults were observed leaving the colony in both 1976 (J. Chardine, personal communication) and 1977. Further, at around this time, many adults were seen 'hawking' insects just above the tree canopy on the mainland, suggesting that a third peak in feeding may have occurred soon after sunset.
'Hawking' foraging behaviour of ring-billed gulls has been previously reported (e.g., Mueller and Berger 1965; Pettingill 1958) . Both papers comment on the high energy expense of this behaviour which suggests that insect species, which are normally seasonal in occurrence, are preferred food items over fish which appear as food items throughout the season (Fig. 2) . The greatest incidence of insect feedings occurred during the peak hatch period for the Gull Island colony (Fig. 2 and Chardine 1978) . The coincident timing of the peak hatch with the peak abundance of aerial insects probably represents a synchronization of breeding activities with predictable annual fluctuations in the availability of at least these food items.
Insects likely provided young chicks with a high protein diet and an easily handled feeding size. Insect regurgitations resembled slushy pellets which chicks were readily able to consume. Young chicks were generally incapable of eating most of the fish regurgitations which were usually too large although small fish (< 8 cm) were regurgitated by adults and eaten by young chicks. Adults were often seen regurgitating fish too large for young chicks to consume. The adult would then eat the fish again and regurgitate again 5 to 10 min later when the food material was more digested. Small sections were then pecked off the fish and eaten by the chicks. Earthworms were well digested by the time the foraging adult returned to the chick feeding territory. They were fed to chicks of all ages and posed no handling problem for young chicks.
One-day-old chicks were fed infrequently by their parents as chicks at this stage receive sufficient nutrition from their yolk sac to survive the first 2 days (Baerends and Drent 1970) . For example, herring gull (Larus argentatus) chicks retain about 40% of the total fat reserves in their yolk sacs upon hatching, which is then used during the first few days of life. The second and third chicks in a brood were more likely to be fed on their 1st day posthatch than first-hatched chicks, since the presence of the older first chick stimulated adults to feed entire broods. The stimulus provided by the first chick may be an indicator for the adult of the feeding rate, food size, and food type required by the brood. The foraging rates of glaucouswinged gulls (L. glaucescens, Henderson 1975 ) and laughing gulls (L. atricilla, Hailman 1967) increased with brood size, which suggests that the hungriest or oldest chick regulates foraging rates through its persistent stimulation of the adult. Our study and that of Miller and Emlen (1975) on ring-billed gulls both show that chick feedings increased from day 1, peaked at 5 days, and declined thereafter.
A factor other than rainfall and high humidity which may contribute to the occurrence of insects and earthworms is the early spring ploughing of nearby fields by farmers. Large groups of adult gulls were often observed following tractors which further reveals the opportunistic foraging strategy of the species (see also Hailman 1960; Jarvis and Southern 1976) . Finally, chick growth early and late in the season was not significantly different. Thus, food availability did not appear to be a limiting factor for the growth of late broods.
